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SUMMARY OF TECHNICAL SUPPORT SERVICES PROVIDED

Marine Technicians Mark Spears and Glenn Casey of the Department
of Oceanography at Texas A&M University flew from Houston, Texas, to Rota,
Spain, on 7 November 1987 to provide autoanalyzer support for USNS LYNCH
cruise 702-88. Organized by scientists from the Oceanography division of
NORDA at Bay St. Louis, Mississippi, this cruise investigated ocean frontal

processes in the western Mediterranean Sea, with emphasis on the Almeria
and Oran fronts.

Pre-cruise staging and other preparation began in Rota 8 November,
and LYNCH embarked Rota on 14 November. From 15 November - 1 December, 41
STD stations were occupied and four-channel autoanalyzer nutrient analyses
%..,ere run at 33 of these. Duplicate water samples for analysis of silicate,
-hosphate, nitrate, and nitrite were drawn at a series of depths from the
sample stream from a submersible pump attached to the CTD. Autoanalyzer

sampling generally began around 120m and proceeded at roughly 10m intervals
to the surface. In all, 419 pairs of water samples were analyzed for
nutrients on board LYNCH during cruise 702-88.

NSUMMARY OF ANALYTICAL TECHNIQUES

The autoanalyzer used to support LYNCH cruise 702-88 was a 4-channel
Technicon AA-II, which was standardized by running 2-3 working standards
of all four nutrients prior to and after each station. All samples were
analyzed within two hours of collection; analysis rate was 20 samples per
hour. Peak heights picked off the strip chart recorder output of each
autoanalyzer channel were converted to nutrient concentration in ug-at/liter
by linear interpolation from absorbance relative to the working standards,
using a shipboard computer.

Silicate was determined by ammonium molybdate + tartaric acid +
stannous chloride method; phosphate by ammonium molybdate + hydrazine
method; and nitrate by sulfanilamide + NEDA method, after reduction to
nitrite with a cadmium reduction column. All analyses except phosphate,
which was heated in a 70 C bath, were carried out at room temperature.
Colorimeter interference filters utilized were 660 nm (silicate), 880 nm
(phosphate) and 550 nm (nitrate + nitrite).

To evaluate precision and accuracy of the analytical methods, 15
replicate analyses of each of the highest working standards were run after
completing the last station of the cruise. The standard deviation in
ug-at/liter for a 6.0 ug-at/liter silicate standard was 0.05 (cv=l%);
0.005 for a 0.50 ug-at/liter phosphate standard (cv= 1%); 0.05 for a
t.z ug-at/liter nitrate standard (cv=l%); and 0.005 for a 0.50 ug-at/liter
nitrite standard (cv=l%).
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CRUISE 87L80 STATION 7.3-0l

WIRE LENGTH- P04 Si(OH)4 NO3 NO2

90 .24 2,50' 5.12 05
80 .. ,70 a a-,-

70 .19 1.60 3.9:3 .07

M0 t12 1 ?0 ,05
55 I00 2 . V 3 05
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CRUISE 87L83 STATLON B87L"-804-'1.

WIRE LENGTH P04 t(fi(3)4 .03 N02

100 .29 3.80 7.24 100.

80 .35 4,80 B . 42 100.
'70 3 # .u "7,, .I:

60 .25 2,70 5 53 100.

45 16 3.30 3.41 .16

30 .01 .10 1 .14

10 .02 ,20 33 100.
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C" R U I "'1":- '7 . ".1 D ........ I i. 7 ....... 5. . 1

WIRE LINGTH Pri 4  T1 01-1.'4 N03 N02
10O0 . 0 ,0 .G eli 1 i0,

0 .. _- KE .., .-'" Ui-- AUU.;

70 .29 4.40 5.40 ,

Ilo 2,G0 4.33 .44
50 I9 .. , 7{ - T, 0 ,-
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4 0 o I , dO u .7 A-
30 .0 ,70 18 ,06
20 02 ,7 .27 ,u7-
10 D0 .70 .09 08
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(.UISE. '7LSV) STATION I" 7L88v06*1

W IRF. LENGTH P04 :1 (OI) 4 N03 4O2
TiETE R-F % i7- ' .. omi . m/ . ---- -/

100 35 3.20 8,70 100.
ki u a 1 .., I U /,u Y .b , u

70 .46 2.20 6.92 .02
60 6 2 .0 ' 6.44 .oj

50 • 26 1.50 5.68 .09
9, 40 du I. 20 4.49 .2 -',

35 .20 1.30 4.64 .091
Is u UY I bi'" I ,Yv6 ,5 ,u

25 100. 99.99 .05 .02
LO IU Yy ,,y y %., ,Y I.U,0
10 100. ,10 ,24 100 .
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W I 17 LEN GT H P C!4 S j (OH;) 4 N (13 102

p953 .33 3.90 S.36 .01

70 .6 2.110 5.i98 . 11
60 .2,4 2.Z30 15. .7- -lis

so0 1 .10 1 1.98 .21
4 ~ ~6T~Tl TTI; 1 7

.0 3 .60 .72 12

25.02 .50 52 .08
2 0 to0() .4(i .21 U3
10 100. 99.99 99.99 100.

0 Ou0 99 99; 99 1 3 0

(:Pu:fE 87LOS STATION B67LOf3*115*1

WIRE LENGTH P04 Si (OH) 4 N07, N02
MTEE.. / 1 0 M~ /1 IL T

100 .23 1 .503 4.94 .03
U. , ~o -+ , ) .~ =-.

G0 .14 1.00 2.74 .05
_/ u. II .R _ 7-7, dTO 7-

60 .07 60 1 .00 .37
'10 ,ul 71 ( .0 15 ,2D

40 .01 .10 q Q, 99 .01
'93 T- M i .TTT11F P -.9 0, FIT

20 100o. .1 99,99 100.
10~_ (F~o
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CRUISET ATT.0N 1*O7L GG*1 6. I

WIRE LENGTHI P04 5). (0H) 4 N03 N02
METERS u el UM/l. IM7Tlu m /--

97 .30 3.40 7.16 .03
90 .24 2.66 4 .07
60 .27 2,90 5,54 .10
70 .0.4 .S) .2,o ,19
60 .01 60 .01 .06

40 01 140 0 6 05
'i 0 50 U}Uo ,O('

20 .01 30 .01 .05
10 ! 00 . 0-'7--.W l-

0 ,01 0 .44 100.

CPUISE 8.71..h3 STATION r 37.88*i7.i

WIRE LENGTH P04 S.i.(OH)4 N03 N02
i E iR u Mi,/1 u . - k I ,.-

100 .09 2.50 2 90 .04
.* U.1 i 1 , Tj F) ,:) ., , 7 T -"T
65 .14 1.40 3 55 .20
0 ,U .. o- 47T ,26
70 07 1 .20 1.39 .27

50 02 .50 .24 .52
40 U01 L o l ,-- -T"
3 01 1 .04 .02'
-- 2TTF~T .02-
10 .01 .10 .04 .01

- . -I--0. 7 O". , -- 0r



CRUISE 871-80 STATION BO7LO8G . .A0-x. I

WIRE LENGTH P04 Si(OH)4 N03 N02METERS u /l . uM/1 um/1 l- /o-
100 14 1 .70 4.34 ,05;

P 0 16, 1 ,6). 3.99 ,I(
'7 :t1 o I . t~i o 1 -' ,, , 1 2 .-2

60 00 1 ,40 1 32 .28
50 f 3 ( . E0 i . -Z-.-
40 004 ,30 .6o ,51

30 4 k.40 14 ,05'
20 .02 .20 .17 .03

10 04 .30 .4 ,11
.Ul YY I' y u 7 3-

CRUISE 8'7L.30 STATION E7L8.G*19xl*

W IR LGEi4.-TH P04 Si (01I ) 4 N03 N02
--- ,R oP',x . u,, .1. u, I d

10 ,2' 350 7.22 .039Q' 0 . d / ,5 , U u ./ , 0 , : , O

80 .24 2.80 6.53 .06
7 5,- e s..!'' . 8, 0 6' . 5 o (,45)
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CRUISE 87L20 STATION E87L88"/321 -

WIRE LENGTH P04 Si()4 N3 G 'N(02

108 .27 3.30 7,4Q 02
90 27 E 7. iR -.-
80 .23 2.30 6. 61 .05

. "5 '. ,. -15 5 - -1
70 09 1. 0 2 38 .06

0. 8 1i 81 06
.7 .' .. ! ! --- - 7-

35 0' 1 ,20 1 5'.5 .29
30 0" . (F ... , .-2-.

20 .01 -9.99 .0 .01

0 .03 ,10 26 .03

CRUISr. 7L88 GTATION 887L88-22v.

WIRE LENGTH P04 -.5 (CN) 4 N0 t,402
N ME7T7 ,--. - o/. um/.l_ YA/l

109 .15 2.80 4,34 .02

7 16 2.40 4 35 03
60 .id ,.UU , 0 ., ,04

50 110 2.40 4.04 .06
A4 t4- 09 :1T ., T7 -- --
40 09 1 80 14 I'5

1? 7T I T () 1 105 2 0 . .

20 0 .40 '5- 4 ,06

0 . 0[ .0- . . .02
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IPUI,£r 8'7L1- STATION ]7L]x°*. . 1
WI RE LENGf1- 1:)04 Si (OH) 4 N403 N02

METERS umiL tm/I I um/.lV / .-

108 .22 2.70 C) I .03
90 .2 . 2U b ,.

70 .20 2.30 5.06 .04
,50 - 17 2,40

00: .13 1 .90 2 70 0?
50 ,21 ;', A44 . .-9

40 .18 2 00 : 5 12

30 .05 6 A d
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20 100. 99.99 .03 *0
10 i 00, 99,99 .t 3 .-
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CRUISF 7Lt383 STATION .7i-3.24*1
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---T I F -S u M/. UIn e/ L M 1 . I.- -
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, 1RUB',: 71l STATION t37I._3 ..;* 1

WIRE Li i. [.iCT H P04 Si ( 01)4 N03 N02
mTE T 3 U,/ E. T E R SL , 1 u m 1
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-]I- T 3 71_.? STATION B37LSkJ'28 .

,]11 L i..'-I 04 S i (011) 4 N03 ,*

104 .11 2 20 3'74 iO .

90 .31 3.70 7.4 .

-.' 2'.,' 2. 0 , 4
-727! 2.20 .. , 1 .0
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CRUISE 87L88 STATION .A37L2OL27x*1

WIRE LENGTI4 P04 Si(OH)4 N03 N02
i-I TER S uLm / I u m /T I J ; /-T t#;7 1

104 .13 2.20 ,-.S-/ 100.
90 ,11 2.30 I,83 .0W
O0 ,0 1? 2.30 2.54 .05

65 ,.29 13. .7 .)0

60 .32 3,50 6 16 .11

4 0 .25 2.60 4.54 12

30 108 .80 .82 .25
20 6,4 ,+3 13 1T
1 03 .20 99.99 .13

0 lut ,30 9. 99 ,12

CRUISE 87L8 STATION B..S7L8c:'~ -,C4-x

WJIRE. LENGTI P(:4 Si (0H ,4 N03 N02
T1JEr3 t i-~r ' .I. :'±---t- . I .

109 27 3.60 6.7q .01
o - -- ( 3" A I...

80 .28 2 80 0 2:V:: V0 2F 2, 1 e .m - .--- -H-2-

60 .25 2,40 ',:5.32 .02
t50' 7.1! , k20 2. .. S 0 -

40 .24 2.30 4.Q4 ,12
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0 't0 , .10 99.9k 100.
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:PU10E 87 0'7 S."TATION P G-87..8 .2 .9 )(.,1
ilRE LEWr;]i PO _ CH;. -)_4 NO3 NO()2

ImETERS u/7i m1 7i7 um/ uti71
105 .20 2.00 6.67 .03

9', .2 2.90 , ; .03
80 9 . 8F ,: TJ"
70 .23 2.70 6.33 .05

60 . j 1-673 05
.11 i IB0 3.60 .07

. .30 .02 .01
U:40 ,) 1 u .DT

35 .02 .20 .02 100.
30 02 ,0 .U4 ,
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0 .01 .20 .04 .01

CR'J3E 871-0 STATION E8U.i 30"*"I

WIRE LENGTH P04 Si (W-1)4 N03 N02
_ ,, T , ' .. u M." .1.
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I U'G , ,: q o ,-! l V} 11' A£:) I I.IT{'--

90 .33 2.80 5.03 .01
- :Fo , 3 '. 4 .07 .OF

70 .29 1.90 3.95 .01
oO 2i - =.5--- T 3i, .k.;! 7-2

57 .22 1.30 301 .02
it :1 ..21 ;! ,I Y.3 .u 3-

4I I0 '1(Z, . --T2

35 .03 .30 .31 .09
2 G70 7U7--T0,3
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CRUISE 87L8 ] STATIObI E<0'71.00,w31..1

WIRE LENGTHI P04 Si(0:I)4 N03 N02
METERS umIijTr h) i - -l um/' T

107 .24 2.10 4.77 .02
100 .24 ;?.1 4. Z .

90 .29 2.40 .02 .02

80 d1 1-1O-u 2-
70 .30 2.20 4.59 .02
60 .27 Jo -. 2
50 .1(9 1.40 2,7-; .07

45 Id ,U1 ,. 7
40 ,:o 3 . 31 .06
35 . , ,, - T -,
30 .02 .10 101 .02
20 .Ge 1 ,
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CRUISE 87L I STATION [0'71L06:32-XI1

WIRE LENG1'¥i P04 Si.(0H)4 NO N02

107 110 2.60 ,3.31 .03yJ U14 ,.- . - "0 u - .7 - 03

60 .13 2.50 3.64 .03
70 IOU 2. , '-0- 2- 4-
63 .06 1 .80 .95 .05
60 o4 1. U 3o ,3 , -,
55 .07 1.40 1 .37 .15
A I U5, t .L 4 U I . t " ,1,

4 ,' o La: i I. 40 j- ., ''i- -- i.50 11 .30 .11 .10

40 03 .70 .15 08
30 .02 -'72 0J,2 ... OF '

20 .02 .10 99.99 100.
l . U I . IG-V. .77797---IrU_

0 100. 99.9?' .02 .01

0 " '- - - . . i . . .. .v = '. , I I. .



CRUIF.7 87L(3 STATION BT37LG8*33*I

WIRE LENThi P04 Si(OH)4 N03 N02
METERS um/1 omIl um/l u ml

108 ,26 2.70 6.68 .04
90- .24 LL2 A 1 SG 01: (3 1u7

0O .23 2.00 5.66 .06

60 .23 12.0 5,0s .5 017
55 1 ,: 44) 5 .1;4 obY

50 i5 1.70 2.80 .07
45 . I ., ,. 1 ± . U

40 .16 1.70 2.58 .09
30 01 ,10 99,99 .1-
20 .02 .10 99.99 .01

10 102 .10 99'Y 0.o.

0 .01 .10 99.99 .01

CRUISE 87L8O STATION B871.80,34.Vi

WdIRE LENG'TIi P04 Si(OH)4 NO3 N02

7"TER S AMT1 TM71 ui.7T u v71-

105 .1 2.40 5.35 .5 0

80 11 2.40 2.2.2 .03
Y" u I 0' 7 '1 u "A .i I? -I"-4

m

60 .12 1.70 1 .53 .08
t, toIII I .41TWFul

50 .10 1.00 .37 .10

.5 03 .10 .06 .03

20 .05 .20 .09 ,03
0 .02 9 9.99 ....9 .0 --
0 .02 99.,99 99? ,99 , 01



CRUISE 87L8I3 STATION B87L8*35.*1

4I-E LENGTH "04 Si (011 )4 N03 N02
METERS Um/1 uM/l omi um/ F-

109 ,24 3.30 7.16 .05
[)0 620 3.10 7, i. .07
90 3 .{i ; 1 . .0 0 .05

70 .26 2.70 6.43 .06
6) .24 d.4U 5,7 G .07
5s .20 2.00 4.99 .12
40 .14 1.40 3'06 ,,a5
35 .06 .60 .33 2:
30 04 .20 99.99 .2
25 .0 .40 .01 .102 t .10 ,06 , i-
1 ) otk ,10 ,0o 0l
'. 0 1 . i 4J , ij 6 " -. -'

CRUISE 87L08 STATION B87L88*36*I

WIRE LENGTH P04 Si(OH)4 N03 N02
PL I LK um/iL tM.L UM/i 71 .[um-

107 11 1.30 2.65 .10
I u ut .~ Zi 0~. 41 .U7

90 .44 4.60 7,81 .09
-45 4. U9 0 .87 lob-

70 4 .60 6 .16 0n
6 0 o. o 2.40 . :(.) -T --
50 10 1 .20 .30 .08
4 ., . : ,UU , 1 t , ."

40 .07 .40 .04 .03
* u 5- .5 T t ,FT 2

20 .05 ,50 .02 .02

0 06 .50 .04 .03

S



CRUISE 87i..08 _ *'3TATT.OIE 7L 8X,37. 1

WIRE LENGTH __04 c(0 4 N03 N02
METERS um W uF-/ m71- 1im/ Um/l

1017 .14 1 .3 0 :3.33 .0-
I91) 27 Y 7[ U i7 -

'!. • , i

80 -9 2.90 6,02 .03
70 .24 2.30 4,7 .03
60 .26 2.60 4.72 .04
50 I 70 . 9 T,--O-7
40 .04 .40 .02 .03
30 , U a, ',97 .77 -- l7=
20 .02 .30 99 1 .0

7-1 7T01 177- 17, 7-
.02 . 0 ' , ' . 6 -

LU.IS*- B 7L .. STATION Bi37LG3!k3G.1

WIRE LENGTH P04 Si (OH)4 NOZ N02
m E r R3 upM1 I om/. um/.I U!m/ i

1OR .23 280 6. 87 .07
Y3 , i ,'Y' ('i i I- by , 50-

G5 ,)l.1 2,.30 ( 2.6-4 .09
H,- 0 n i .I I W3 . I'-T

70 .05 ,70 99. 9 .20
,0 IOU .tT ,,. ; ,,7----77-

5 0 100. l0 ?9. 9 .04

t ,:35 0 " ' 9" .99 o .0
(I-, . k,.U , -6. -

20 .02 .20 .01 .05
iO , Do2 - 0 . u -

0 .01 .2 0 01 .03

UI



CRUISE 37 I...0 STATION .3B71._8(:59'>, 9-.

WIRE LENGHTi. P04 Si (Ol ) 4 N 0 N02
METERS i]. r ".1 u-k M

109 .14 2.20 4,26 .06
Y,'4 I I 7 , 4 il , jI -. Uzi
85 .09 2.60 .74 .04
8 U 7 2 2,4o 3.O , G4 -

70 .12 2.30 ,65 .04
3 : 047

.502 1.00 ,01 103

40 100. .30 99,99 .03

.U i 0 , 7-3 7 , . 7,:
20 100, .20 99?, 9 9 .02

IOU.00 IlU 9 . (/;; i 7-D2
01001 , .30 99,99 ,10;

CRUISE 87L- STATION BI7O.40.1

WIRE LENGTH P04 Si(OH)4 N03 NL2

110 24 3.00 7,3i . S

90 ,24 2.70 &. . 08
..22 p. 4--5... 7--

70 23 2,30 4.45 .07
5 ,05-

60 .14 1.70 .90 .V0

50 06 so 1O , ' ,08

30 .0 6 .20 .02 0.Z,
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CRUISE 87LBO STATION B87L8,41*1

WIRE LUENG'H P04 Gi(CH)4 N03 N02
MLiLi m IM./L u/.L umTil u

109 .06 2.60 1.03 .06
"75 (, U 1:b , , . jU 1 , , - 76
85 .06 2.00 .47 .05

70 .04 .80 .33 .19
bu IUU. .115 I
50 .01 .10 99.99 .02
4( ,0 lie I U 5Y .Y "UV .

30 .02 10 99.99 .02

10 .01 10 99,99 .01
I ( O0 . 1 0 7 Y.?' 57 .uif
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